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ABSTRACT: 

A method and apparatus for implementing a zero latency synchronizer that advantageously 
permits the reliable transfer of data between clock domains by placing a metastability delay in the 
clock path. The present invention permits data to be reliably transferred between clock domains 
faster than could be accomplished if there was a data path metastability delay without introducing 
a sacrifice in data transfer reliability. The zero latency synchronizer for synchronizing a signal from 
a first clock domain to a second clock domain is formed from a clock regenerator circuit and 
input and output master slave flip flops. The clock regenerator receives a first clock from the first 
clock domain and a second clock from the second clock domain and generates first and second 
regenerated clock signals. The first and second regenerated clock signals are formed in a 
manner that guarantees that the first and second' regenerated clocks, in conjunction with the first 
and second clocks, can be used to control the input and output master slave flip flops and 
thereby pass data reliably from one clock domain to the other without delay. The master and the 
slave of the input flip flop are controlled respectively by the first clock domain clock and by the 
first regenerated clock. In turn, the master and slave of the output flip flop are respectively 
controlled by the second regenerated clock and by the second clock domain clock. A signal to 
be transferred from the first clock domain to the second clock domain is input to the master of 
the input flip flop. The output from the slave of the input flip flop is provided as input to the master 
of the output flip flop. Accordingly, the output of the slave of the output flip flop is the signal from 
the first domain synchronized to the second. 
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XyiSfrZM^ (fetch *J$0 MfflO'&lzmtlZt^o 

z.thftfrz>o zt>\z, slow_r<z)a;i/ai|SBS^ 

(OT, SLOW_RCD*^T^0X-/>?B> ^D-;^S 

[0 0 3 4] Ifc-iT. m4\Z7fi~?<k?\Z, A^fi^DA 
TA I N<Dm<D$Efce>'&\Z\$, *OKQ>9W9m s % 

slow — R<D&*>±&r)xyz?<Dkz?>-e. tpmts^ 

40 DATA XO»J8rr*«fc3MBC*. 

DATA X<Dfi<0^ft(Oft{CB, J t<D x <k<D9V*y9& 
^F AST_RO^±^DXty 
^{IIM^DATA OUTCWS"^. tot> 

-r>^?>igJi^D>y^ • F^-f>^<S^S^*>oT, 

[0 0 3 5] 0511 j6v*#«H** , ri*»SW© , b 
50 "To 
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[0 0 3 6] i?Uy>7 • U3?x*l/— ^5 0 0tt> 7x 
-XD>y^ F -;V^5 1 0, J5&&2f£gg5 5 0, 1 
/4^«5 2 0> jtffi385 3 0Stf«MIS5 4(H;: 

-Xny# F • 5 1 OKA^LTtftj&SnSo 

7x-XDy F • ;K^5 1 0©ffl*B, ^lftlS2^r 
Sg5 5 0l£A*<hLT«j|&£tt3o M»IS:2«S 

n^o i/4^@K5 2 ocoffl*tt, nzLZwzm 10 

^FAST^RtlTfflV^Wo g^FAST 
_Rfct jifflS5 3 0£^bT7x~XD*y#F-^- 
75 1 OJC^-FA^Sn^e ^D^^ifSLO 
WfcL gjg«5 4 0lCA*^bT«l&$n, 7x-XP 
F ■ Jl'-^S 1 0 (flfflA«^S4fflT£:fcV>T, a 
®g5 4 0£SLT^Dy*>^£fTV>> 
^ S L O W_R £ UTSSH 5 4 0d^ttJMWo 
[0 0 3 7] 7i-XDy^F-;ir-^5 10lt 

y * f a s t <d 2 fg 0 >i« k ^ u v> S*ft^ 
(0 2fS^ig$cT»f^-r^gEa^lK0^x-Xn ? ? F 

SiSTSj^-r^^x-xn-/^ f • )v-7<Dm&\zmc 

10©fflM, Si£ffc2teSg5 5 0lC«toTMISc^2 
f&^n> ^Dtv^M^FAST0^CD4f&}C^UV^ 
&fcft*. 1/4#J^®&5 2 0«> ^&»2f&385 5 30 

o com # ©^£7c<z>^&& \zm-?£ o Wifct z>y>z/s 

y ^ . ^ij ?\gfi&XhZ>. l/4i>^|Hl!&5 2 OcDffiA 
tt, lfflS5 3 QtefthXy-i-VrtyZZft, 7x- 
Xo>^ F - )\r-7h 1 OJcAAStl*. ^^xiffl§g5 
3 0tt, l/4#MEI$5 2 0#6ffl#2n£^£fr 

^i^FAST©4W7?*^W7x-XD»^ 

f • ji/~^(HiK5 1 oict^m^ns^^^i 

tZ>Zt*?$>%. «£^T, l/4#M@&5 2 0^Sffi 

FASTtSKHC«»ft*f*. *n*iMB 
^FASTCDt^-t^IM £MJ5 0/1— fc>hT& 

^D>v^i^FAST_Rii2 5/1— fe>htf>x 
a-f>fi^m^. ^O^^fFAST 
tFAST__RH {f^FAST_Rtf)&^±#DX*y 
VifiUS fcifFAST <DiL?> ±ffi OX^i? \zMx t % £ 

5iO F A S T_RQ)i^T^ D X^y ^F A S T 
Ott fifi 0 X ?r y * D D StlS cfc 5 fcHVi fcB« 
fc£tl3o «oT. jm5©Att*^B2©Hl*7U7 
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12 

[0 0 3 8] g£*5 4 0tt, #H»jrUTWP*frr 

mms 4 o\zmrzt\z^xn^n^ mmm4 

0<DMM\1* SLOW^n-;^(D^S9CDlE»<S (0§Afcf 
1„ 2, 3^) iDB^«*fc*»*#V^ rcDSM 

[0039] ^d^^slowh mmms4o\z 

0£SbT£D*/*>if£fr5 o i§E385 4 O0ffl* 
te, B£#D^«^SLOW_R-C&£. g®H5 4 

Ott* slow_r<z>x^~x^1M ^£>J>£<T£ 

tc®\z. ^nmuy^a^h • *ur*R*wu *fc 

^cdSMS^ "l" £SfflLfcm#HfllTf "0" fc^ 

U7£n*o ^ot\ fg^sLow_R^n-^e/w 
^®§rra^ s^a-/^m^sLow_R^> *o 
7x-XD7^ f • ;v-^a*^u^^^n^)M^ 

#I^8iT/W # £ d-^S^*. 5 4 0 (Dttilj 

zwm<Dm&fe®&\z£vTmmznzmwvxt^ 

z>zLt\z&r>, ui^y h£7x~Xn*y*F-;W-:/5 

SLOWtSL O W_R <Z)|« K *l 
7x-XDy^ F ■ !/5 1 0^ffiA^K8 

\±9 a ^ ^ s l owco i mno> 2 #<D i ct os< ^^n 

@^5 4 0*#mn>7V7\Z'?Z>Zt\Z&<oT, 

V . Uyx^^5 0 0te> *aTSLOWtfttS 

^ d y ^ (D^i6S:^*ST F A s T tm-Z 2 n y Z (D 

mmL&*>&tMz&\,*t%x i b* jEL<»frr^ 
[0040] mmms 4 o}tt£%.m7&m*?ny? 
m\zftA?%o aeoT, sji»5 4o<Dj&^T^ & 

\ZP! e *©5Fft*««3WB - 0 , 8KK 5 4 0 co^g^ 
lot (-T^t)^, <£^D.y^^»^>l> 2^^c«3 
V)V*mX) g££n-5- ^^^ICbT, SLO 
W_R«, f(04^±^D yd^ P ^ ^ S L OW(2) 

n^o z?>\z. sLow^RWvvxm&MWcMz, 

S L O W_R (DsL^yW QXy D >y ^ S L O WCO 
SL^T^DX^vO^&DtatC^*^. ftoT, A* 
7 U ^y 77 a y S < »f^T^ C t tiW ST 
^^>o SLOW_RtFAST_Rffli;^ 
M CTfttoft^x-Xn^jrH •;V-^H»5 1 0) Tf 

^-r^oT, A*7 , j^y^7n-/y2 i o^e>m*7 
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[0 0 4 1] 06t£> • F^^Offl**** 1 

t^D^^@TS5, 0*©ir;V?:/D^^>^i§M 
g6 0 0H 7U7^7D«y^6 0 2, 6 0 4, 6 0 
6. 4 ry^>-*l»* 

6 10, ORy~h6 3 0, &#AND^~h6 2 2, 
6 24, 6 2 6fc£oT^£nTV>£o 

[0042] ^n^^sLOWfi yvyfyav 

^6 0 2, 6 0 4»tf6 0 6 £jfi#JK&J£1-5 £ £££ 70 

Dy? • JV~:/T5&£L;fc#Uy*ffl^PLL_CLO 
CKH 7Uy^Dy^6 0 2» 6 0 4Rtf6 0 6£ 

^6 0 2»:t;6 0 4OUty h#FK7>f — FA^y^S 
[0 0 4 3] ? D yJS^S L OWR»7 U y ^7D y a? 

;/6 0 6©awjte, sffl^»ESc«tti§g6 4 0tcA*chb 

Jt&U ^n^O^M^CT, ^UP£fcteDO 
WNSTy^^ • *l»^6 1 0fcftl6t«. 7y 
7?V>-%?>*6 10\Z. *h*h7Uy^7Dy 
^6 0 2, 6 0 4&tf6 0 GirWiST^l/^X^e 1 
2, 6 1 4Rtf6 1 6\Z£iTMf&t<tir^Z>o yVy 
7yvy?6 0 2<D&*)tTy7yV> • 6 1 

0©#tfrrs 1^**6 1 2©ffl*», AND^- h 6 

y :/6 0 4©ffi;&£7y:/^>>-#*>£ r 6 1 0©*t 
«t*l/?W6 14©lH*B, ANDy-h6 2 4Jt 

£?Tav*£tt*an*. ast, yvy-fyuy?* 

0 6©Hl*t7y^> • #£>*6 1 0 ©2*16^5 
l/^6 160ffl*S, ANDy-h6 2 6fc±oT 
SV>fc*&;Sn*. ANDy- h 6 2 2, 6 2 4Rtf6 
2 6©«HB*tt* ORy-h6 3 0fcA*tbT«»a 
tl*. ORy-h6 3 0<Z>m*», W£#ny* 

«^ S L O W_R tlTfflV^n^c 
[0 0 4 4] CO*5fc, ffl*£bT»*SLOW_R 49 
tMftt5lii©7 U y ^7n y ^ ftoTiBSft© 
fiSH t7 h^nfc7^7 r ^> • 6 10© 

tc7*/7?V> ■ #^>^6 1 0<D®feUP7>i?\t. ft 
fflf§i£&&ffl§g6 4 OlC^oTfiftotlS^Dy^e-^S 
LOWi«i©«»7'Jy^7Dy^ 

A S TA> e>4Cfcm^P L L_C L O C KlCioT 

WHiatt*) ©flj*tflE)jtifcfcckoTftean*. fto 



4MW8-5 5 0 84 
SLOW_RI^AS^*^6SSJi^S«lW^S!asU 
[0 0 4 5] *STM^b^:-»^D^U ! lpJ?S», 09 

7utyV*tWzmmtt%tzMzfcmVzz 
AX©?ny^ft<£D^V^n 
y^afflET»(pr*yn-fcy**^>jrn^-f If 2 0 0 

D-feyD*©^ny^icao> ?ay^SLOW#AX© 

i^DATA IN©x-*Tfc9* /tX^a>5r— 
i^DATA OUT0r^l:S^ s — /tX©* 

p ? ^ssi: d a w d y>?mmrmfttz>7n± y » 

ftS^^crMtf 2 o 0l:ioT/UtSai/fcS& 
fit* jra?rJrFAST*«;tX©^Dyjrfc&D, 
#SLOW#:/D^!y1*©^Dy^K&3o *LT» /t 
X^SO^^HU WDATA IN©f^t* 
0, ^PtyU-^f-^ttB^DATA OUTOf 

[0 0 4 6] EU* *»W©*ttRr«fi«ft*IMIfcJ: 
DBHfcRWl/*:**, ^^^e>«, *«9W«. 4MHI 
#©«H©Ei»C<fcai^;Rtf«B*»K^* £ £fc 

[0047] 

[H 1 ] D^lf *«V*T 2 1>©^ 

ny«r- H^>f >©m-cesian5tt^H«a^2 

[0 2] *»WCJ:D«l*anfc<o1» , 6lW^>4' 
a^if©^a^^H^*§. 

[03] *»wfcj:o*irtanfcffl»fe^oy^ • 'J 
^x^iz-^ieiK^-r^n ? * 0-cfcSo 

[04] ^-^fflS^Aan^WftRrlB^nfcJ:* 

©x-^ejs^-r^-Y ^>^ht»5. 

[0 5] *«Wir«fc5*>'5— t?©IUI«©^Dyi? " 
[0 6] Jrnyir ■ 

^n^7^>^-f^ ^ ^ JWIK»*7R-r * * 0T 
[flF9«Df»l] 

2 00 Mafttmt&i'y'rnmf, 210 Art? 
yy?7uy7. 2 2 ou*7Uy^7n»^. 230 
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